ABSTRACT: Sugar snap pea (Pisum sativum L. var. macrocarpon Ser.) is an edible-podded sweet pea that is being considered as a new totally mechanized crop to supply raw material to the agri-food industry of the Ebro Valley (Northern Spain). It is of great interest from an agronomic and commercial standpoint but neither its agronomic behaviour nor its adaptation to the area are known. The objective of this study was to determine the effect of sowing date and seed density on the growth and yield of the sugar snap pea at industrial scale. Six randomized blocks experiments with four replicates were conducted on irrigated land in Villafranca (Navarra, Spain) in 1998, 1999, and 2000. Three experiments for testing sowing dates (Mar., Apr., and May) and another three for seed densities (from 75 to 150 plants m .
Introduction
The Ebro Valley is an agricultural irrigated area specialized in growing vegetables for industrial canning and freezing. The diversification of crop rotations with new short-cycle legumes is of great interest from an agronomic and commercial viewpoint. New short-cycle legume crops increase biodiversity, reduce the period in which soil is uncovered and, in addition, symbiotsymbiotic fixation of atmospheric nitrogen (N) by these crops makes these leguminous crops have high N levels, whose plant residues improve soil conditions. Besides this, new crops lead to an increase in diversification of the supply of new marketable agri-food products. New crops for this area should be totally mechanized, and be supplied to the processing industry during an annual season that is as long as possible.
The sugar snap pea (Pisum sativum L. var. macrocarpon Ser.) is considered suitable for cultivation in this area and fulfils all the above-mentioned requirements. The sugar snap pea is a legume whose tender pods are used for human consumption. These edible pods are a highly regarded vegetable because of their sweet flavour and their dietetic fibre content (Myers et al., 2001) . The main production centres of this crop have traditionally been the United States, Guatemala, and Zimbabwe.
Although seed peas have traditionally been grown in the Ebro Valley, sugar snap peas have never been cultivated in this part of the Mediterranean. Therefore, managing this new crop is uncertain and knowledge about its agronomic response is required. Clarification of the effect of sowing date and seeding density on the yield and quality is especially needed. There is no published information on the effect of these factors on the snap pea, but similar studies have been conducted on peas (Johnston et al., 2002; Kumar et al., 2009; Baird et al., 2009; Spies et al., 2010) and other leguminous crops (Adisarwanto and Knight, 1997; Ratan and Biswas, 2010) .
Edible-pod peas prefer consistently cool growing conditions rather than hotter areas (Slinkard et al., 1994) . For the emergence, vegetative, and reproductive stages, the base (T b ), optimum (T m ), and maximum temperatures (T x ), are 3, 28, and 38 °C respectively (Olivier and Annandale, 1998) . In the Ebro Valley, flowering and pod set might sometimes be interrupted by frost even in May. On the other hand, temperatures can reach 38 ºC during this month, which is high enough to have a negative effect on yield. Knowledge of the consequences of delayed sowing for yield and frost risk can be used to define optimum sowing dates.
Seed density affects parameters of seed peas, such as yield, weed control, and pod distribution. Therefore seed density that produces the highest yield depends on growing conditions (Heath et al., 1991; Adisarwanto and Knight, 1997; Uzun and Açikgöz, 1998; Tawaha and Turk, 2004; Pageau et al., 2007; Baird et al., 2009 ). The sugar snap crop is harvested in the green pod phase with a degree of maturity that must be set based on crop morphological characteristics. Given that the harvest is mechanical, it is very important that pod maturation in the various areas where the crop is grown should be as homogenous as possible in order to ensure both pod yield and quality.
The effect of sowing date and seeding density on the yield and quality of sugar snap peas for the process vegetable industry in Ebro Valley were evaluated in this study. 
Materials and Methods

Experimental design
In 1998, 1999, and 2000 (Elias and Ruiz, 1986) . Weather parameters (temperature and rainfall) were measured using an automatic meteorological station located 2 km from the experiment site. The soil was a Calcixerolic Xerocrepts. The soil for the tests is sandy loam, which is deep and alkaline (pH 8.3 to 8.5), with a high calcium carbonate content (30.6 -49.5 %) and a moderate organic matter content (1.50 -1.95 %). . In all the experiments, the previous crop was corn. Primary tillage was with a mouldboard plough, followed by a harrow plough, and a cultivator. Sowing was with a pneumatic precision cereal drill. Sprinkler irrigation was applied twice a week and the dose was determined according to the ETc calculated from the date of the weather station following FAO-56 methodology. At the phenological stage of 8 nodes, 125 kg of N were applied. Phytosanitary treatments were not necessary. All management was performed on a large scale with the machinery typically used by farmers in the area.
Determinations
In every experimental unit, a representative area of 1 m 2 was identified in which ten plants were permanently and randomly marked in each treatment. These plants were used to for the weekly changes of phenological stages in the crop using the BBCH coding of pea phenological stages (Feller et al., 1995) . From the weather data recorded by the weather station, the thermal integral (TI) was calculated as follows according to Olivier and Annandale (1998) : TI = ∑(T dm -T b ) , in which the minimal biological temperature (T b = 3 ºC) of the crop is subtracted from the average daily temperature (T dm ). Once the time for harvest of each treatment arrived, all plants within 1 m 2 were hand harvested and the following measurements were made: plant density, fresh weight of the shoot, fresh weight of pods (total and by node), number of pods (total and by node), pod length, and L N -1 ratio of the pods by nodes. The L N -1 ratio is obtained by dividing the magnitude L (L is the long cross-sectional axis of the pod) by its magnitude N (N is the narrow cross-sectional axis of the pod) ( Figure  1 ), and it defines the commercial maturity of a pod. It is considered to be optimal when the L N -1 ratio fluctuates between 1.2 and 1.3 (Matamoros et al., 2010) .
Carbohydrates contents in commercial maturity pods were determined on 12 pods hand harvested from the first three nodes of each elementary plot. The extrac-extraction to determine the carbohydrates content in pods and grains involved boiling 0.5 g of crushed fresh material four times in 80 % ethanol for 30 s and then washing with cold ethanol a further three times, the supernatant and insoluble solid residue were kept. The supernatant was collected, and the solvents evaporated to dryness on a Turbo-Vap LV Evaporator. The resulting pellet was resuspended in 10 mL of distilled water and the carbohydrates total content measured as described Spiro (1966) , and glucose, fructose and sucrose content was measured as described Gordon et al. (1987) . The starch content of pod was determined in the insoluble solid residue from the extraction as described by MacRae (1971) .
Data from each trial were subjected to one-way variance analysis (ANOVA), and when differences were significant (α=95 %) the Student-Newman-Keuls (SNK) test was applied. The SPSS v. 17.0 statistical software was used for this purpose.
Results
The temperature and rainfall conditions for the three years were typical for this time of year in the region, although 2000 was slightly rainier and colder (Figure 2) . All treatments were successfully carried out and crop cycles were completed satisfactorily with the exception of the 1998 late sowing in which a breakdown in the irrigation system caused a water shortage that hindered collection of results for this treatment.
Sowing date
The crop cycle was three months for the earliest sowings and two months for the May sowings, accumulating 960 ºC d -1 (T b = 3 ºC) (SD = 42) from sowing to commercial maturity (Table 1 ). In 1999 and 2000, the biomass produced by the early sowings was 53 and 33 % more than in the late sowings (Table 2) . However, differences in yield were much lower. The plant density was similar for all the treatments except in 2000 when it increased in the late sowings. Yield was high with a downward trend for the later sowings. These sowings produced slightly fewer and shorter pods. Early sowings increased the number of pods m -2 at harvest. The Harvest Index (HI) for late sowings was higher. Eighty percent of the yield was distributed over the first five nodes in the early sowings but only over three nodes in late sowings (Figure3) . The L N -1 ratio was higher in upper nodes and the effect of sowing date on this parameter was unclear.
Seeding density
In the seeding density test, all plants flowered and attained commercial maturity simultaneously. The cumulative thermal integral for the treatments was 968 ºC d -1 (T b = 3 ºC) (SD = 14). Biomass production was similar at all densities except in 1999 when biomass was increased at the highest seeding density (Table 3) (Figure 4 ). When seeding density was increased, yield tended to be slightly more concentrated at the lower nodes. The effect of seeding density on the L N -1 ratio for each node was reduced. There were no differences in carbohydrate contents between treatments. In grains total carbohydrates content was 79 mg g -1 of fresh weight, starch content 13.4 mg g -1 and sucrose 59 mg g -1
. Glucose and fructose content in grain were very low 0.6 and 0.9 mg g -1 respectively. Nevertheless in pods (without grain) total carbohydrate and starch content were similar to those measured in grain, 60 and 18 mg g -1 respectively while glucose and fructose content were higher, 24 and 2 mg g -1 respectively, and sucrose smaller 25 mg g -1
.
Discussion
The ) regardless of the year of cultivation, sowing date, or seeding density. Olivier and Annandale (1998) . Sugar boys snap pea has a short cycle and it is green harvested. Variations in the sowing date changed the duration of the number of days from sowing to flowering. However, the duration of the flowering to harvesting phase varied less. In contrast, Adisarwanto and Knight (1997) studied the effect of the sowing date on the growth cycle of faba bean (Vicia faba L.) and found that the duration in days of the vegetative phase hardly varied, although the pod development period was affected. Seeding densities tested did not affect the phenological development of the crop. In the absence of stress, crop phenological development has traditionally been defined by temperature and photoperiod conditions that are independent of seeding density but are clearly affected by the sowing date and the latitude (Roche et al., 1999) . The high repetitiveness of the sugar snap pea thermal integral calculations indicate that it could be used as a tool for planning sowing dates and being able to predict harvest dates and the availability of raw material for the processing industry.
All of the seeding dates and densities tested had similar yield with small changes in the crop morphology. In the late sowings, with quicker phenological development, the plant invested more resources, proportionally, into pod yield as indicated by delayed sowing increasing the HI. The effect of seed density was less obvious. There was a slight decreasing trend in the HI with increased seed density. The number of harvestable plants increases by 40 to 60 % with increasing plant density, but this increase does not lead to a similar increase in the number of harvestable pods (it only increases by 17 %), nor in yield (does not increase). The growth cycle was longer in the earlier sowings and the plant accumulated more radiation, because of thus the accumulated biomass was greater. The yield differences were less than in biomass production given that the plants modify their morphology, concentrating yield on fewer nodes, which caused an increase in the HI. Other studies conducted with peas concluded that in general early sowing increases yield. Tawaha and Turk (2004) attributed these differences to larger temperatures faced by later sown crops in Jordan area. Sowing early other leguminous crops like chick pea were less affected by diseases like dry root rot and wilt (Ratan and Biswas, 2010) . Uzun and Açikgöz (1998) also found greater yield of autumn sown seed peas than from spring sowings.
The possible advantage of early sowings is variable with the weather and was less particularly in cold years (e.g. 2000) . Low minimum temperatures in Mar. and Apr. of 2000, with seven days of frost, may have been the reason for the reduction in the number of harvestable plants. Further, plants that survived modified their morphology, and produced pods over fewer nodes, and distributed yield more uniformly on the different plant nodes (Figure 3 ). Late sowings gave fewer pods m -2 but their average weight was 10 % higher. Pods from the higher nodes of the early sowings were between 16 and 31 % longer than those from the later sowings (data not shown).
With regard to seeding densities, a priori a greater seeding density can be assumed to have a productive advantage in facilitating greater radiation interception and allowing earlier access to high Leaf Area Index (LAI) values. However, a disadvantage may also be the increased competition among plants for resources (water, nutrients, light) . In this experiment, competition for water and nutrients among plants was reduced by the use of fertilizer and irrigation. The effect of seeding densities on yield was minimal. Sugar snap, like the seed peas mg g -1 , has considerable capacity to adapt, with the ability to reach yield levels that are near-optimal with planting densities as wide-ranging as 75 and 150 plants m -2 (Gan et al., 2003; Tawaha and Turk 2004; Pageau et al., 2007) . However, the effect was not the same every year. In 1999, for instance, a year with good weather for growth, when the seeding density was increased there was a trend towards increased yield up to 19 % (sig = 0.059). Heath et al. (1991) found that near maximum yields were maintained between 70 -140 plants m -2 due to the ability of the seed pea crop to make compensatory increases in the number of pods per plant as sowing density declined. Spies et al. (2010) found the optimum economic plant density for the seed pea cultivars was 50 to 84 plants m -2 . Different pea cultivars may respond differently. Field seed pea cultivars, with high basal branching, achieved their maximum yield at lower seed densities. In these experiments, sugar snap pea showed significant basal branching ability. Johnston et al. (2002) also found yield component compensation at different seeding rates. They concluded that the yield of field seed peas grown under relatively weed-free conditions should be optimized with a seeding rate of 50 to 75 seed m -2 . Townley-Smith and Wright (1994) concluded that seeding density should be increased when there was poor weed control. Thus, Baird et al. (2009) recommended a 120 plant m -2 density for organic pea yield in Canada in order to achieve a better weed control. Under cool climate conditions seeding rates higher than 100 grains m -2 increase grain pea lodging (Pageau, 2007) . However this is not a problem with snap pea because it is harvested in a younger phonological stage. According to pod and grain sugar content, sucrose is the main responsible of the sweetness of sugar snap pea.
Sugar snap peas, like seed pea, have a considerable capacity to modify their morphology to optimize growth at a wide range of seeding densities. However, the sowing density that gives maximum yield may vary from year to year because of the year to year weather variations and the incidence of other biotic factors such as the presence of more or fewer weeds.
Seed purchase comprises more than 50 % of the crop cost. Sowing at 150 seeds m -2 instead of 75 seeds m -2 doubles the seed costs. Therefore, when deciding on the seeding density to be used, an economic evaluation is necessary to determine if the increase in crop cost is compensated by the uncertain and reduced yield increase.
Conclusions
It appears possible to cultivate snap pea in the Ebro Valley with seeding between Mar. and May at seeding densities 75 to 150 plants m -2 with a required thermal accumulation of 962 ºC d -1 . Yield levels are similar in all cases. With late sowing, yield is concentrated at lower nodes, the number of pods decreases, and there is an increased of the Harvest Index. However, when seeding density is increased, crop costs increase, yield is concentrated at lower nodes, the number of pods decreases and, in some cases, yield and the number of pods m -2 may increase slightly.
